Ocular ischemic syndrome is a rare condition, which is caused by ocular hypoperfusion due to stenosis or occlusion of the common or internal carotid arteries. Atherosclerosis is the major cause of changes in the carotid arteries. Ocular ischemic syndrome is manifested as visual loss, orbital pain and, frequently, changes of the visual field, and various anterior and posterior segment signs. Anterior segment signs include iris neovascularization and secondary neovascular glaucoma, iridocyclitis, asymmetric cataract, iris atrophy and sluggish reaction to light. Posterior eye segment changes are the most characteristic, such as narrowed retinal arteries, perifoveal telangiectasias, dilated retinal veins, mid-peripheral retinal hemorrhages, microaneurysms, neovascularization at the optic disk and in the retina, a cherry-red spot, cotton-wool spots, vitreous hemorrhage and normal-tension glaucoma. Differential diagnosis of ocular ischemic syndrome includes diabetic retinopathy and moderate central retinal vein occlusion. Carotid artery imaging and fundus fluorescein angiography help to establish the diagnosis of ocular ischemic syndrome. The treatment can be local, for example, ocular (conservative, laser and surgical) or systemic (conservative and surgical treatment of the carotid artery). Since the condition does not affect the eyes alone, patients with ocular ischemic syndrome should be referred for consultation to the neurologist, vascular surgeon and cardiologist. Full-text PDF:
Background
Ocular ischemic syndrome is a rare condition, which is caused by ocular hypoperfusion due to stenosis or occlusion of the common or internal carotid arteries. Atherosclerosis is the major cause of changes in the carotid arteries.
In 1963, Hedges described a case of a 48-year-old patient with complete obstruction of the left internal carotid artery on whose eye fundus he observed peripheral blot hemorrhages and dilated retinal veins. He associated these findings with retinal hypoxia due to carotid artery stenosis [1] . In the same year, Kearnst and Hollenhorst reported ocular symptoms and signs in association with advanced carotid artery stenosis. They named the condition venous stasis retinopathy and found it in 5% of their patients with unilateral stenosis or occlusion of the internal carotid artery [2] . In the following years, many other terms were introduced to describe ocular changes secondary to carotid artery stenosis, such as ischemic ocular inflammation, ischemic coagulopathy and ischemic ophthalmopathy. It was observed that the signs of ischemia are present in both the anterior and the posterior segments of the eye, and eventually the term ocular ischemic syndrome has been coined for the sum of ocular symptoms and signs that may accompany carotid artery occlusive disease [3, 4] .
In this paper we discuss the clinical findings and diagnostic and therapeutic options of ocular ischemic syndrome.
EpidEmiology
Ocular ischemic syndrome (OIS) occurs mostly in the elderly. The mean age of patients is 65 years and the condition is rare before age 50 (3) . Men are affected twice as often as women, which is related to the higher incidence of cardiovascular disease, the underlying morbidity, in males. The incidence of OIS does not seem to be related to race. In 20% of cases the involvement is bilateral [4] . The exact incidence of OIS is not known but it is estimated at 7.5 cases per million every year. Since OIS may be misdiagnosed in many patients, this figure may be an underestimation [4] .
pathogEnEsis
In patients with OIS, a stenosis of 90% or more of the common or internal carotid arteries on the same side is usually found [5] . In 50% of the cases, the affected artery is completely obstructed [5] . It has been estimated that such stenosis reduces the perfusion pressure within the central retinal artery by approximately 50% [4] . Rarely, the occlusion of the ophthalmic artery is responsible for OIS [5] . OIS occurs mostly in patients with poor collateral circulation between the internal and external carotid arteries or between the two internal carotid arteries. Patients with well-developed collateral circulation may not develop OIS in spite of total occlusion of the internal carotid artery. On the other hand, in patients without well-developed collateral circulation, stenosis of the carotid artery by even 50% may lead to the development of OIS [3, 6] .
In patients with OIS, decreased blood flow in the retrobulbar vessels and reversal of blood flow in the ophthalmic artery are found. In these cases, blood flow is shunted away from the eye to the low-resistance intracranial circuit, with further reduction of retrobulbar blood flow [3] .
Atherosclerosis is the main cause of OIS [5] . Other causes include dissecting aneurysm of the carotid artery, giant cell arteritis, fibrovascular dysplasia, Takayasu arteritis, aortic arch syndrome, Behc¸et's disease, trauma or inflammation causing stenosis of the carotid arteries and complications after intravitreal anti-VEGF injections and after radiotherapy for nasopharyngeal carcinoma [3, 4, [7] [8] [9] . Since OIS is associated with atherosclerosis, patients usually have other related co-morbidities. Hypertension is found in 73% of the patients and diabetes mellitus in 56% [10] . Myocardial infarction occurs in approximately 4% of patients with OIS [10] . The mortality rate is as high as 40% within 5 years of onset [10] . Cardiovascular disease is the main cause of death (approximately 66%), followed by stroke as the second leading cause of death [4] , which is why patients with OIS should be referred to the cardiologist, for imaging studies of the carotid arteries, and to the vascular surgeon.
Changes in the retinal arteries, usually asymptomatic, are present in 29% of patients with a symptomatic carotid occlusion and 1.5% per year progress to symptomatic OIS [12] . On the other hand, OIS is the first observed manifestation of internal carotid stenosis in as many as 69% of patients [6] .
clinical prEsEntation
Visual loss in the affected eye is present in over 90% of patients with OIS [10] . It is usually related to chronic or acute retinal ischemia or damage to the optic nerve due to secondary glaucoma. In 67% of patients visual loss occurs gradually over a few weeks or months, in 12% it occurs over a period of days, and in another 12% the loss is sudden over a period of minutes or seconds [3] . In patients with a sudden visual loss a cherry-red spot is usually observed at the fundus, related to embolization of the central retinal artery [4] .
The visual acuity in patients with a recently diagnosed OIS ranges from 0.4 to 1.0 (assessed by a Snellen chart) in 43% of patients to counting fingers or worse in 37% of patients [10] . At 12-month follow-up, the rates are 24% and 58%, respectively. Loss of light perception is usually not observed at onset, but it may develop in later stages of OIS, usually as a result of neovascular glaucoma [4] .
Recovery of visual function after exposure to bright light is usually delayed in patients with severe carotid artery stenosis; the phenomenon may be accounted for by macular ischemia [4] . Transient visual loss occurs in approximately 10% of patients with OIS and lasts from a few seconds to a few minutes [5] . It is usually caused by transient embolization of the central retinal artery, although in some patients vasospasm may be the causative factor [13] . It must be remembered, however, that most patients with transient visual loss do not have OIS.
Visual fields in patients with OIS may vary from normal, to central scotoma, to centrocecal defects, to nasal defects, to the presence only of a central or temporal island [6] .
Pain in the affected eye or in the periorbital area may be present in 40% of patients [5] and is usually due to neovascular 
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glaucoma, but in patients with normal intraocular pressure (IOP) it may be caused by hypoxia of the eyeball and/or dura mater [3] . Ischemic pain is described as dull; it develops gradually over a period of hours or days and is relieved when the patient lies down [3] .
Anterior segment signs may be the single manifestation of OIS [3] . In approximately 66% of patients, neovascularization of the iris and at the iridocorneal angle is found, which results in impaired outflow of aqueous humor from the eyeball. However, increased IOP and neovascular glaucoma are noted in only 50% of patients, while in some ocular hypotony may be observed, in spite of fibrovascular tissue secondary to neovascularization closing the angle. This is due to ischemia of the ciliary body and reduced production of aqueous humor [4, 5] . In most patients opalescence of the aqueous humor is noted and in 20% inflammatory cells are seen in the anterior chamber [5] . They are not numerous, are rarely above Grade 2, and are usually related to iritis. Even more unusual are precipitates on the corneal endothelium, which occur in cases of clinically silent iridocyclitis. Inflammatory conditions in the anterior segment may result in the posterior synechiae. In patients with unilateral OIS, the lens in the affected eye is usually more opaque [4] . As a result of ischemia and atrophy of the sphincter muscle of the pupil, the pupil is fixed and semi-dilated. There is a sluggish reaction to light, which also may be due to retinal ischemia [3, 4] . The other signs of OIS may include dilatation of conjunctival and episcleral vessels [14] and corneal edema, which may lead to bullous keratopathy. In very rare cases, liquefactive necrosis of the cornea may develop [3, 14] .
Posterior segment signs are more frequent than anterior segment signs. On ophthalmoscopy, the retinal arteries are narrowed and the retinal veins are dilated. In some cases, both arteries and veins may be narrowed. Occasionally, spontaneous retinal arterial pulsations are observed. Retinal hemorrhages are very characteristic and are seen in about 80% of affected eyes. Hemorrhages are mostly located in the external retinal layers, at the mid-periphery ( Figure 1 ); they are not numerous and are almost never confluent. They are most probably due to leakage of blood from the small retinal vessels or from ruptured capillary microaneurysms [3, 4] . Microaneurysms are very frequent in OIS and may be located both in the macula and at the mid-periphery [3, 4, 15] . Additionally, one of the first manifestations observed in the fundus are diffuse macular capillary telangiectasias, which, together with microaneurysms, may cause macular edema [3, 16] (Figure 2 ). Small branches of the central retinal artery may be occluded spontaneously, or the occlusion may be caused by cholesterol emboli with the resulting areas of retinal hypoperfusion. Occasionally, retinal arterio-venous communications proximal to areas of avascular retina may be present [3] . A cherry-red spot, characteristic of retinal ischemia, mostly macular, is seen in 12% of eyes, predominantly when IOP exceeds the perfusion pressure within the central retinal artery in the eyes with neovascular glaucoma or in some cases as a result of embolic occlusion of the central retinal artery [3, 5] . Neovascular glaucoma usually produces quickly progressing damage to the optic disk. In some patients, reduction of the retrobulbar blood flow and ischemia of the optic disk may lead to the nerve atrophy in the course of normal-tension glaucoma [17] . In OIS, retinal neovascularization may also occur, as a result of increased production of the vascular endothelial growth factor (VEGF). New vessels are formed more often at the optic disk than in the retina. New vessels can bleed, with resulting hemorrhages into the vitreous body and, rarely, fibrovascular proliferation [3] . Further signs of OIS include anterior and posterior ischemic optic neuropathy, choroidal neovascular membrane, cotton-wool spots in the retina (reflecting local ischemia), edema of optic axons in the optic nerve layer of the retina, and areas of chorio-retinal atrophy resulting from choroidal ischemia [3, 4, 15] . Review
Orbital infarction syndrome can be rarely observed in ocular ischemic syndrome. In this syndrome, ischemia of intraorbital and intraocular structures may be observed. The syndrome consists of anterior and posterior segment ischemia, ophthalmoplegia, orbital pain, hypotony and ptosis [3, 18] .
Clinical manifestations of ocular ischemic syndrome are summarized in Table 1 .
diagnosis
Imaging studies of the carotid arteries are the essential diagnostic test in OIS. The most commonly used methods include non-invasive tests such as Doppler ultrasound and ocular plethysmography and invasive techniques such as carotid arteriography. Non-invasive tests allow detection of carotid artery stenosis in at least 75% of cases. When OIS is suspected, but Doppler ultrasound scan of the carotid arteries is within normal limits, Doppler imaging of retrobulbar vessels, especially of the ophthalmic artery, should be performed. Carotid arteriography is performed only in very advanced cases before planned surgery on the carotid arteries [4] . New minimally invasive methods such as computed tomographic angiography and magnetic resonance angiography can be also used as the second-line test in carotid artery stenosis [3] .
Fluorescein angiography of the fundus is a test commonly used in the diagnosis of OIS. The prolonged arm-to-choroid and arm-to-retina circulation time is a frequent sign. Irregular and/or prolonged retinal filling time is present in approximately 60% of patients with OIS. The normal retinal filling time is approximately 5 seconds, but in the affected eyes it may be 1 minute or longer. This is the most specific (but not the most sensitive) fluorescein angiography sign of OIS [3] [4] [5] . The most sensitive angiographic sign of OIS is prolonged retinal arteriovenous time, which is present in up to 95% of cases, but it is not OIS-specific [3] [4] [5] . In 85% of affected eyes, staining of the major retinal vessels (mostly arteries) and their branches may be observed at the late phase of the test and is attributed to the increased permeability of the vessels. It may be accounted for by endothelial cell damage due to chronic ischemia [4] . Macular edema is seen in 17% of eyes with OIS and is often accompanied by hyperfluorescence of the optic disk [4, 15] , caused by leakage from disk capillaries [19] . In some cases, retinal capillary non-perfusion can be seen, mostly located at the mid-periphery. It is related to the loss of endothelial cells and pericytes in these vessels and obliteration of their lumen [4, 20] .
Indocyanine green angiography can also help to establish the diagnosis of OIS. The test shows abnormalities of the choroidal circulation. As in fluorescein angiography, armto-choroid circulation time and intrachoroidal circulation time are prolonged. Choroidal hypoperfusion is mainly manifested as areas of vascular filling defects in the posterior pole of the eye [3] . Another characteristic angiographic finding is slow filling of the watershed zones (areas between zones supplied by 2 different vessels). This may be observed (eg, between the macula and the optic disk) [3] .
Ophthalmologic studies such as visual-evoked potentials (VEP), electroretinography (ERG) and ophthalmotonometry are rarely used to establish the diagnosis of OIS [4, 21] .
diffErEntial diagnosis
The differential diagnosis of OIS should definitely include diabetic retinopathy and moderately advanced central retinal vein occlusion (CRVO). The main sign that helps to differentiate OIS from CRVO is absence of tortuous retinal veins in OIS. Additionally, retinal arterial pulsations are difficult to elicit in CRVO [4] . In OIS, intraretinal hemorrhages are less numerous than in diabetic retinopathy. While cotton-wool spots, a typical finding in diabetic retinopathy, may be also present in OIS, the presence of hard exudates suggests changes in the fundus due to diabetes [4] . Diabetic retinopathy may coexist with OIS; patients with marked asymmetry of retinopathy should be examined for possible carotid artery stenosis since approximately 20% of such patients have hemodynamically significant carotid artery stenosis [3] .
Absence of retinal arterial stasis and choroidal filling defects detected by fluorescein angiography in diabetic retinopathy and CRVO is an important feature distinguishing these 2 conditions from OIS [4] . 
Anterior segment

RA
The differential diagnosis of OIS should further include the hyperviscosity syndromes and autoimmune uveitis, especially when manifestations of anterior choroiditis predominate [3] .
The differential diagnosis of ocular ischemic syndrome, diabetic retinopathy and central retinal vein occlusion is summarized in Table 2 .
trEatmEnt OIS should be treated not only by an ophthalmologist, but also (and, in some cases above all) by a multidisciplinary team of other specialists, including vascular surgeons, cardiologists, neurologists and primary care physicians. The treatment can be ocular (conservative, laser and surgical) and systemic (conservative and surgical).
Ocular treatment
The most important aim of ocular management is to treat complications of OIS, especially in the posterior segment, as they are associated with the highest risk of vision loss. Unfortunately, some of these conditions are acute and irreversible, as those due to embolization of the central retinal artery or occlusion of vessels supplying the optic disk, and result in anterior or, less frequently, posterior ischemic optic neuropathy. These conditions are usually refractory to such treatment options as intravenous infusion of vasodilating or anticoagulant drugs or agents improving tissue blood supply and metabolism. Thus far thrombolytic agents are not part of standard ophthalmologic management, while surgery cannot be used due to the very small size of the retinal vessels and the optic nerve.
The most dangerous consequence of chronic retinal and choroidal ischemia is excessive production of vascular endothelial growth factor (VEGF), which causes neovascularization in the iris and at the irido-corneal angle in the anterior segment and in the retina and at the optic disk in the posterior segment. In the anterior segment, this complication may lead to the development of neovascular secondary glaucoma, which is usually refractory to medical treatment. One of the treatment options employed in retinal ischemia is reduction of retinal oxygen demand by ablation of the peripheral, optically non-functional part of the retina. This inhibits neovascularization at the irido-corneal angle and prevents development of secondary glaucoma. Panretinal photocoagulation is indicated in patients with iris and posterior segment neovascularization to prevent development of secondary neovascular glaucoma and intraocular hemorrhages. However, it is effective in only 36% of treated eyes with OIS because choroidal ischemia alone with no retinal ischemia may be sufficient to induce neovascularization [3] . If the fundus is not visible due to media opacities or poor dilation of the pupil, transconjunctival cryotherapy in the mid-peripheral and peripheral retina and transscleral diode laser retinopexy should be considered as alternative treatment modalities [3, 22] .
In the early stage of neovascular glaucoma, medical treatment may be used to lower intraocular pressure. It consists mainly of topical b-adrenergic blockers or a-2-agonists along with topical or oral carbonic anhydrase inhibitors. Since neovascularization is accompanied by inflammation, prostaglandin analogues should be avoided because of their possible pro-inflammatory effect [3] . Pilocarpine is contraindicated because it may be conductive to the development of posterior synechiae and secondary miosis, which increases closure of the irido-corneal angle and is another factor raising IOP. However, application of mydriatics is indicated. When neovascular glaucoma, refractory to medical treatment, develops, which is very frequent, trabeculectomy (surgical creation of a fistula) may be considered in patients with preserved visual acuity and limited angle neovascularization. However, with this surgical approach the risk for intra-and post-operative complications and a low success rate (even when antimetabolites are used) must be taken into consideration. When trabeculectomy fails or if marked neovascularization is present in the anterior segment, aqueous shunt implants are a recommended treatment option. In patients with ocular pain and no useful vision due to glaucoma, partial cycloablation by cryosurgery or using a diode laser is preferred. If the pain is not relieved by the procedure, retrobulbar injection of alcohol should be considered for sensory denervation of the eyeball. If this again does not relieve the pain in the blind eye, enucleation or evisceration should be considered.
In cases of normal-tension glaucoma, topical agents are used to decrease IOP, including prostaglandin analogues, which are the most potent ocular hypotensive agents [23] . This form of glaucomatous neuropathy develops because IOP is relatively too high in relation to the optic nerve resistance, which is due to decreased ocular blood flow and low perfusion pressure in the vessels supplying the optic disk.
There have been attempts to treat macular edema in the course of OIS with intravitreal injections of steroids (eg, triamcinolone acetonide) and VEGF inhibitors, but to date there is not enough data to confirm their safety and efficacy [3] . In one isolated case report, Kofoed et al noted that a patient with ocular ischemic syndrome demonstrated vision loss, retinal vessel calibre constriction and profound retinal ischaemia after intravitreal anti-VEGF injection [24] .
In cases of anterior uveititis, treatments include steroidal and non-steroidal anti-inflammatory drugs in the form of drops, mydriatic agents to prevent posterior synechiae, and cytoplegic agents to stabilize the blood-aqueous barrier and prevent spontaneous hyphema.
Systemic treatment
Causal treatment (ie, restoration of the carotid artery patency and prevention of its stenosis) seem to be the most appropriate approach to OIS.
Carotid artery endarterectomy (CEA) is a surgical method used in the treatment of carotid artery stenosis [25] . It is effective in symptomatic carotid artery stenosis of 70-90% and in asymptomatic stenosis of at least 60%. Thus this treatment option should be considered in all patients with OIS and severe stenosis of the carotid artery. Carotid artery stenting can be the alternative treatment to CEA [3] ; however, in cases of a complete occlusion, the procedure is not effective, as the thrombus usually travels distally to the large arteries, in which case arterial by-pass surgery should be performed. Such procedures, which restore normal blood flow in the eyeball, are thought to stabilize or restore visual acuity, especially if they are performed before iris neovascularization and secondary glaucoma develop. Performed at the early stages of neovascular glaucoma, by-pass surgery may result in regression of neovascularization at the angle and resolution of glaucoma. It should be noted, however, that IOP may increase after endarterectomy due to improved oxygen supply and restoration of normal production of aqueous humor by the ciliary body. This phenomenon is observed mostly in eyes with well-developed fibrous tissue at the iridocorneal angle, and ablation of the ciliary body or antiglaucoma surgery should be considered [4] .
Because of numerous co-morbidities in patients with OIS and consequently the high mortality rate, referral of the patients for assessment by specialists in internal medicine, cardiologists and neurologists is mandatory. Systemic treatment usually includes antiplatelet agents, treatment of hypertension, atherosclerosis, diabetes mellitus and coronary heart disease. Appropriate diet, cessation of smoking, and physical activity play a very important role.
conclusions
Although ocular ischemic syndrome is a rare condition, its complications may lead to irreversible vision loss.
Considering that signs of severe carotid artery stenosis may be first observed in the eye before they are manifested in the cerebrovascular system, the ophthalmologist has a very important role in the proper diagnosis and referral for further investigations. Collaboration between the ophthalmologist, vascular surgeon, cardiologist, neurologist and primary care physician is essential for appropriate management of the OIS patient.
Method of literature search
To prepare this article, literature searches were conducted in Web of Knowledge (search based on MeSH and keywords) with no date restrictions. Search words used included: ocular ischemic syndrome, carotid artery occlusion, chronic ocular hypoperfusion, neovascular glaucoma, carotid artery disease.
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